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I. Basis of the report 



1 With reqard to the elements of the International application (Replacemsnt sheets which have been furnished to 
' the receivina Office in response to an Invitation under Article 14 are refenred to in this report as onginaify filed 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 



Description, Pages 

1 .-1 6 as originally filed 

gb received on 24.05.2004 with letter of 24.05.2004 

Claims, Numbers 

^ .5-1 received on 24.05.2004 with letter of 24.05.2004 
Drawings, Sheets 

t;B-6/B as originally filed 

2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
' language in which the intemational application was filed, unless othen/vise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation f umished for the purposes of the Intemational search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for tiie purposes of Internationa! preliminary examination (under 
Rule 55.2 and/br 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
" international preliminary elimination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written fomn. 

□ filed together with the international application in computer readable fomn. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings. sheets: 
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5 □ This report has been established as if {some of) the amendments had not been made, since they have 
been considered to go beyond the disclosure as filed (Rule 70^(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary. 

HL Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability 

1 The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
' obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application, 

IS claims Nos. 40-51 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an Intemational preliminary examination (specify): 

□ the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify)', 

U the claims, or said claims Nos. are so inadequately supported by the descriptfon that no meaningful opinion : 
could be formed. 

la no intemational search report has been established for the said claims Nos. 40-51 



Instructions: 

□ the written fonn has not been furnished or does not comply with the Standard. 

□ the computer readable form has not been furnished or does not comply with the Standard. 

V Reasoned statement under Article 35(2) with regard to novelty. Inventive step or industrial applicability; 
' citations and explanations supporting such statement 



because: 



2. A meaningful intemational preliminary 
or amino acid sequence listing to comi 




1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-39 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-39 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-39 



2, Citations and explanations 
see separate sheet 
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The'amended claims 40 - 51 based on claims 41 - 52 filed the 17.12.2003 need not be 
the subject of international preliminary examination since these claims relate to 
inventions in respect to which no international search report has been established 
(Rule 66.1 (e) PCT), the reasons being: 

- the features of claims 40 - 45 are taken from originally filed dependent claims 21 - 26 
however without the limiting features of claim 20 depending directly on independent 

claim 1 ; and oe 

- the features of claims 46 - 51 are taken from originally filed dependent claims 35 - 40 
however without the limiting features of claim 34 depending directly on independent 
claim 28. 



1 The following documents (D) are refen-ed to in this communication; the numbering 
will be adhered to in the rest of the procedure: 
D1: US-A-6 009 065 
D2: US-B1-6 291 132 
D3: WO-A-01/73779 
D4: US-A-6 128 267 
D5: US-A-6 034 929 



2. Independent claims 1 and 27 meet the requirements of novelty, inventive step and 
Industrial application according to Articles 33(2) to 33(4) PCT. 

2 1 The relevant prior art documents D1 and D2 each show a method and an 

apparatus to retrieve information form a three dimensional storage medium (cf . D1 
figs. 1 - 3. col. 5 line 64 - col. 1 1 line 43; D2 figs. 9 - 14 and 1 8, col. 6 line 1 0 - col. 
9 line 30). The subject-matter of independent claims 1 and 27 differs from the 
disclosure of the prior art documents in that the information from the three 
dimensional medium is retrieved by detecting a non-linear optical response being 
related to a /"^ process, where n Is greater than 2. by spatially separating the non- 
linear optical response from other light signals due to a propagation direction 
characteristic of the non-linear response satisfying phase matching conditions. 
The subject-matter of independent claims 1 and 27 Is novel as none of the prior 
art documents cited in the Search Report or acknowledged in the description 
discloses all of the features or method steps, respectively, of these Independent 
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claims. 

2.2 The documents D1 - D5 do not render any suggestion to the skilled person to 
construct a three dimensionar information storage retrieval apparatus or the 
con-esponding method as disclosed in Independent claims 1 and 27 according to 
the further features of either of independent claims 1 and 27. Hence, the features 
concerning the retrieval of information from the three dimensional medium by 
detecting a non-linear optical response being related to a/"^ process, where n is 
greater than 2, by spatially separating the non-linear optical response from other 
light signals due to a propagation direction characteristic of the non-linear 
response satisfying phase matching conditions result from a step being non- 
obvious in view of the cited prior art documents in which no incentive is given to 
provide this specific stmcture and an-angement. Thus the method and the 
apparatus according to either of independent claims 1 and 27 involve an inventive 
step. 

2.3 The subject-matter of independent claims 1 and 27 and is able to work, can be 
manufactured, and the method steps of independent claim can be carried out. 
Thus the subject-matter of claims and the method of claims Is looked upon as 
being industrially applicable. 

3 Dependent claims 2 - 26 and 28 - 39 define further advantageous and non- 
obvious variations of the method and the apparatus according to independent 
claims 1 and 27 and thus equally meet the requirements of novelty, inventive step 
and industrial application according to Articles 33(2) to 33(4) PCT (see paragraph 
2 above). 



4 Remarks: 

4.1 Independent claims 1 and 27 of the present Application do not comply with the 
requirements of Article 6 PCT in that they are not clear, the reasons being: 
- the vague formulation 'allowing for spatially separating* used in claims 1 and 27 
leaves the person skilled in the art in doubt as to how the light separation 
necessary for the detection of the non-linear light is achieved; the statement in 
paragraph 2 above is based on a clear formulation (see the formulation in italics in 
paragraph 2 above) derivable from the description page 6 lines 17-21; 



Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/IL 03/001 99 
EXAMINATION REPORT - SEPARATE SHEET ^ _ 

-the particular characteristic of the non-linear response of the three dimensional 
storage medium is the base for the information signal separation and detection; 
however, claim 27 does not clearly enough state that the medium must therefore 
be part of the claimed Infomnatlon retrieval apparatus; all other elements of claim 
27 without the particular medium response are known form D1 and D2 (see 
paragraph 2 above). 

4.2 Independent claims 1 and 27 and are not drafted in the two part fonn specified in 
Rule 6.3b) of the POT. 

4.3 The description does not disclose the invention as claimed (see Rule 5.1a) iii) 
PCT). 
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U.S. Patexjt No. 6,009.065 discloses an optical pickup providing 3-D 
reading of binary optical inforroation from a muItiJayer fluorescent disk by means 
of fluorescent sites excitation. 2-D infoimation at the separate layer is recorded by 
chemicaJ. transforraalion of a photosensitive material from one stable molecular 
fonn A (non fluorescent) to other stable molecular form B Cfliiorcscent) via tJV 
Jj^ illxraunation. Ouly one readio^ laser beam is focused to the desired layer, 
-w^dch induces fluorescence in the whole volume confined witijin. conical surface 
of tb.e focused beam. An active medium which posses tfae fluorescing prpperties is 
orgaxiized in a form of m.ultilayer optical disc Fluorescence at the wavelenglli 
different from the excitation wavelecgth is detected. The detected signal 
undergoes spectral, spatial and electronic filtratj.on in order to extract signal fitrai 
flic noise fluorescence coming from all out-of-focus layers. Dichroic minor and/or 
filter is utilized in the optical pickup to prevent the photo diode from the reading 
laser radiation. 

U.S. PatOTt No. 6,291,132 discloses a mefliod of manufecturing a 
fluorescent 3-D optical niCTooiy device implementing an active medium capable of 
storing information at high information d^sity. The active medium is a materiaj. 
capable of existing in at least 2 isomeric forms. Transition from one form to 
anoflier can be induced upon iUuniinating this material by a "writing" 
electromagnetic radiation having a first spectrum. At the same time the other 
isomeric form, is capable of fluorescence upon illuminating this m^erial by a 
"reading" elecfromagnetic radiation with a second spectrum. By virtue of 
iUumixiating with a radiation, having the first spectrum, elemental cells are created 
within a medium material, containing substantially the same isomeric form, which 
can be sitb.er that fonn which is capable of fluorescence or the other one which is 
not The information is stored within the medium as numerical values associated 
wifh the amount of one of flie isomeric forms of active medium contained wdtfajn 
eleamaital cells distributed within the active m.edium. 
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U.S. Patttt Np. 6,128,267 discloses an active trackiog meiiLod for opticsjf 
disk storage- According to tW^ technique, laser light is focused in an accurate 
manner on selected tracks on an optical disk recording medium by means of ajx 
analysis of output electrical signals from a dithered Ught source. This results in the 
production of an clecfaical signal which is proportional to an amount by which the 
light source in the system is to be moved, relative to the tracks, in oixier to achieve 
desired tracking of the focused spot along a desired track on the medium- 

US. Patent No. 6,034,929 discloses a system for creating reading and 
writiag on rotatable infonnat5on storage media, and a method for multi-layer laser 
source positioziing. According to this technique, a laser beam is split into two 
beams. The JSist beam is oscillatorily at a first ftequeccy in a direction assocpiated 
with control of beam focus within two or more layers of a rotatable information 
storage medium, that is, in a CD-ROM-like device. The second beam is 
oscillatorily varied at a second (dijBFerent) frequency in a direction so (bat it moves 
back and forth across an edge of a reference track- Separate filters are nsed to 
examiJie the rcjOlected li^t so as to simultaneously control posxtionzng of the las^ 
li^ source along two axes. 
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CLAIMS: 

1. A method for retrieving infbnnaticm ftom a three dimeaision^ storage 
nedinxD^ flie method comprising: 

using a three diniOTsioiial storage medxum comprising an active medium 
5 capable of being in two states, wh^in a data unit is repjce^cied by tbe ratio 
belwe^ the cQncCTtration of the first and second pf said two states in a ^ven 
volume portion of said medium and a data sequesujce is represented by a sequence 
of such data imits; 

itradiaring said active medium witii light as to concentrate light flux 
10 through 'a vohime portion of said storage medium so as to generate in said volume 
portion a detectable non-Jinear optical response characteristic of said concentration 
ratio, the non-linear optical response being-related to a process, Tvfaere n is 
greater than 2, allowing for spatially separating the noiirlinear optical response 
fixTO other light signals due to a jropagation directi.Qn characteristic of the ncm- 
15 linear optical response satj5§^ing phase matching condi^ 

detecting said non-linear optical response to retrieve information stored in 
said voliame portion; and 

tracking a data sequence for retrieving said data sequence in a reproducible 
.manner. 

20 2. The method accordijog to Claim I, wherem the active medium mcludes 
stillbene d^vatives^ azobenzene derivatives, or mixtures ttiereof 

3. The method according to Claim 2, wherein the active medium is 
enjbedded in a supporting matrix. 

4. The method accordmg to Claim 3, wherein fbe active medium, is doped 
25 jjoto the supporting matrix. 

5. The method according to Claim 3, wherein the supporting matrix is a 
polymer. • 

. 0J.437664\4J-01 
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6. The metihiod according tg Qaim 5, wh^ein tbe active 
medium is a monom^ co-polymmzsed with the supporting matrix. 

7. The metho d according to any one of Claims 3 to 6, wherein flie supportive 
matrix is transparent tp the light irradiated on it and to the light gene^tated by the 

5 non.-]liaear optical process. 

& The m ethod according to ai^ one of Claims 3 to 7, wherein the si^porfrv© 
matrix comprises poIyetJlyJe^e, polypropylene, polycarbonate^ and/or poly- 
melfaylraetajcrilate (PMMIhe), and/or other transpareat polymeric material. 

9. The method according to any one of Claims 1 to 8, wherein tie irradiated 
10 Jight is focused to a spot huaving a radius of the order of 30 /im of said irradiated 

light or Jess. 

10. The meOiod according to any one of Claims I to 9, wherein the intensity 
of the irradiated light is high enough for fte generated signal to be independent 

15 11. The method according to any one of Claixos 1 to 10, wherein the nou- 
linearly genemted light is separaled from ottier light signals that may exist in the 
environment by a fitter, prism^ monochromator or any other optical element 
known in the art 

12- • Tl].e melhod according tp any one of Claims 1 to 10, wherein the non- 
20 lineariy generated light is separated oth^ light signals that m^ajr exist in the 
environment by satisfying phase matching conditions. 

13, The method according to any one of Claims I to 10, wherein tie non- 
lineariy generated light is separated ^rom otb^ li^ signals that may exist in the 
environment by phase sensitive detection a low-noise amgplifiqrj a lock-in 
25 amplifier, a box-cai^, gated averaging m.ethods or any electronic method known 
in the art. 

OI437(J64\41-01 
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14. Tlie method accordrag to any one of Claros 1 to 13^ v^ereia 
tb.e latge flux in the volume portion from which infonnatioji is retrieved is 
achieved by focusing two or more coUinear light beacps at said volume poifioa 

15, The metibiod accordiuf to any one of Claims 1 to 14, whereixi the Jaige 
5 flux in the volume portion fioni which itiformatiQn is retrieved is achieved by 

intersecting two or more focused light beams, each of Tvhich is monodiiDmatic. 

15. The method according to any one pf CJaims I to 15, ^vherein flie non- 
linear optical process is a mtdti photon flu0re5een.ce process. 

17. Tbe method according to CJ^im 16, wherein the non-linear opticaj. process 
10 is a two-photon fluorescence process. 

18, The method according to any of Claims 1 to 15, wher^ the non- 
linear process is selected from Coherent Anti-Stokes Raman Scattering (CARJSX 
Degenerate Foui>Wave Mixing (DFWM), Raman induced Kerr Efiect Spectro- 
scopy (RIKESX and/or other four-wave mixing processes. 

15 X9. The method according to any one of Claims 1 to 18, wherein the data 
se<iuen,ce is tracked via a tracjdn^ feedback signal for directing the light spot to a 
predetermined volume portion of the storage medium. 

20. The method according to Claim 19, fiiriher including correcting tracking 
ennors in &e optical stomge medium, by: 

(a) directing a readijog spot that is nominaUy jfocused on to a tra^k in the 
optical storage medium^ 

(b) continually moving the reading spot in ax).al and radial directions, 

(c) receiving a signal having an amplitude which varies accorxJing to 
respective oflfeets from the track in radial and axiaj. directj.ons, 

(d) using the received signal to determine a direction of a respective oflfeet 
from Ihe track in radial and axial directions, and • 



20 



25 
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(e)* adjusting a location of th9 reading spot 

accordingly. 

ZL The mdhod according to Claim 20, wh^in directing the reading spot 
includes directiiig at least two Ji^t sources whose volume of interoectioii 
5 constitutei^ the readijotg spot 

22. Thie method according to Qaim 20 or 21, vvherein moving the x^ading spot 
includes modulating aposition of the reading spot vrith a cyclic function.. 

23. The method according to Claim 22, wherein €fcie cyclic function is 
substantially sinusoidal 

10 24. The method accardii\g to any one of Claims 20 to 23, wherein receiving a 
signal inchides: 

s) reading a data signal with the reading spol^ 
it) mujtiplyiag tiie data signal by a cycEc modulation signal to fban 
a modulated data sign^.^ and 
15 ill) low pass fUteeting the modulated data signal. 

25^ The method accorduig to Claim 24, wherein low pass Sltedng includes 
window integrating Ihe modulated data signal. 

26. The method according to any one of Claims 1 to 25, finlher includSng 
analyzing and processing detected sigo^ and retri.eving infbnnalion theteftom. 

20 27- An ^psratus (100) for retrieving infonuation from a three dim.ensional 
storage medium, ftte apparatus comprising: 

a mount (202) for m.ounting thereon, a three dim.ensional storage meidixun 
(J 02) comprising an active medium capable of being in two states, wherein a data 
unit is represented by the ratio between the concentration of the first and second of 
25 said two states in a given volume portion of said medium and a f^j^ sequence is 
represented hy a sequence of such data units; 

EnPf .zeit:24/D5/2004 17:13 l^^^HsK P.016 
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at least one source of coiiereiit JU(ght (104, lOS) for 

irradiatiog said active medium with light as to ccracailTate light flux through a 
volume portion of said storage medium so w to genecHte in said volume porticm a 
detectable non-Jinear oirtical response characteristic of said concentrntfoii ratio, the 
5 non-Imear optical respon^se being related to a x^"^ process, where n is greater than 
2, allowing fir spatially separating the non-Iineai optical response from other light 
signals due to a propagation direction characteaistic of the non-linear optical 
response satisfying phase nmtching conditions; 

a filter (152) accommodated in an optical pafh of light coming fiom the 
10 medium to separate the non-linear optical response fixon oQier light signals 

a detector (120) for detecting said non-linear optical response to r^eve 
infinmation stored in said vofume portion; and 

a tracking unit (125) ftwr tracking a data sequCTce for retrieving said data 
sequence in a reproducible manner 

15 28. The apparatus according to Claim 27, wherein said non-linear optical 
rehouse is characterized by predetermined wavelength, polarisation, cnr both of 
these characterisb'cs. 

29- The ^axatus according to Claim 27, wheneJn the at least one source of 
coherent Jigbt includes an. active light source. 

20 30. The apparatus acxrordix^ to Claim 29, wherein flie active li^ source is a 
laser. 

31. The apparatus according to Claim 27, wheiein the at least one source for 
coherent light includes a passive light source. 

32. Tb.e ^paratus according to any one of Claims 27 to 3 1, further including 
25 an algorithmic cnor detector (128) for analyzing and processing detected sjgn^ 

and retrieving information therefrom. 



O1437i504\4j..Ol 
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33. The apparatus accordmg to any one Claiixjs 27 to 32, wherein 

ae tacking uoit (125) is adapted for tacking Hie data sequence via a teddng 
feedback signal for directing the light spot to a pxedetecmined volume portioA of 
the storage xnediunu 

5 34. Hie ^aratu5 according to Claim 33, T^erem the tacking tmit (125) 
includes a tacking earor connection unit for comecting tacldng otoxs, (he eiror 
coni^ection unit comprising: 

apositiQnnioduIatQrp32)fOTmodulatingapo5iitiottQfft.eieadi^ spot, 
an enor detsgominatlon unit (333) for receiving a data signal havii^ an 
1 0 amplitude wMdi varies according to respective oflSets &om the tack in xadial and 
axial direcfioos, and is responsive to the -data signal to deteiroine a directipn of a 
respective oflfeet firom the tack in radial and axial directions, vrfdch offiets may - 
be fed to flie optical, unit to corrcsct radial and axial position ertors of the reading 
spot 

1 5 35. Ihe device according to Claim 34, wherein the reading spot is a volirae of 
intcgcsecfion of at least two light sources focused on the tiacik- 

36. Tb.e device according to Claim 34, wherein the position modulator is 
adapted to modulate a position of the reading spot with a cyclic fimction. 

37. The device according to Claim 36, wheroin the cyclic function is 
20 ' substantially sinusoidal. 

38. The device according to any one of Claims 34 to 37, wb.ere2n the eirxxr 
detOTnination. unit includes: 

a multiplier (340) for m.ultiplying the data signal by a cyclic m.odulatioa 
signal to fomx a modulated data sign.al, and 
25 a low pass filter (341) for low pass filtering 1h© rojodujated data signal. 
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39. The device according to Claim 38, wherein the low pass 
filter is a window integrator (341). 

40. A melhod fiir conecting traddng ernas in an opticajl storage medium 
hacvii^g iwMph Ucacte ananged in dififcrent kyers of the optical storage medium, 

5 die melhod comprisjuoig: 

(a) directing a x^sadingqjot that is noininally focused on to a t(Hc 
optical storage medimn, 

(b) wntiauallymovingtfaeieading spot in B»ial and radial directions, 

(c) receiving a signal having an amplitude which varies according to 
10 respective ofi&ets from fbs track in radial and ajdal directions, 

(d) nsing the received signal to deteiinine a dfrectioa of a respective offiet 
from the trade in radial and axial directions, and 

(e) adjusting a location of the readijog spot accoxdingl^y: 

41. The method accordmg to Qahn 40, wherein stqj (a) inclodes directmg at 
15 least two light soinces whose volume ofintersection constitutes the jceading spot ' 

42. Ihe method accordijig to Claim. 40 or 41, wherein step (b) inchides 
mio dn la t ia g a position of the reading spot wifli a cyclic fimction. 

43. The method accordmg to Claim 42, whetm the cyclic jfimction is 
substantial^ simisoidal. 

20 44. The melhod according to any one of Claims 40 to 43, wheiein step (c) 
includes: 

j) reading a data signal with, the reading spot, 

m multiplying the data signal by a cyclic modufation signal to form 
a modulated data signal, and 

^5 iii) low pass filtering the modxxlated data signaL 
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45. Th^ method accoiding to Claim 44, wherein step (juS) 
includes window integraiiog the modulated data signaL 

46. An error conection device fiwr correctiuDg tradking enrors in an optical 
stcttage medium having multiple tracks arranged in diflferesat layers of the optical. 

5 storage medKum that are leetd by a focused reading spot directed by an optical 
bead to a track in the optical stcrage medium, the error coirectioii device 
comprising: 

a position modulator for modulating a position, of die reading spot, 
an mor unit for receiving a data signal haviijg an amplitude -wtdch varies 
10 accordmg to respective ojBsets froifl Ite track in radial and axial directions, and is 
responsive to tb.e data signal to detOTuine a direction of a respective offiet from 
the track in radial and axial directions, which oflfeets may be fed to the optical 
head to correct radial and axial position errors of the rsadii^ ^oL 

47. Ihe deryice accordiiigto Claim 46, wherein Ibe reading spot is avolume of 
15 intracsectton of at least two li^ sources focused on the track. 

48. The device according to Claim 46 or 47, wherein the position modulator 
modulates a position of the reading spot with a cyclic fimction. 

49. The device according to Claim 48, wherein the cyclic function is 
substantially ainusoidal. 

20 50. The device according to any one of Claims 46 to 49, wfaOTin the error unit 
includes: 

a multiplier for multiplying the data signal, by a cyclic modulation signal to 
fomx a modulated data si^aL and 

a low pass jGlter &r low pass i51teting the modulated data signal. 

25 5L The device according to Claim 50, wherein the low pass filter is a window 
integrator: 
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